Abstract: Enhanced Recovery or Fast Track Recovery after Surgery protocols (ERAS) have significantly changed perioperative care following colorectal surgery and are promoted as reducing the stress response to surgery.
INTRODUCTION

S
urgery for colorectal disease is associated with variable short-term outcomes. Recent advances in perioperative care methods have attempted to improve these outcomes. The development and widespread application of enhanced recovery or fast track surgical protocols (ERAS), in combination with laparoscopic surgery, represent a paradigm shift in perioperative care. 1 ERAS involves multimodal, protocol-driven perioperative care which proponents of have stated reduces the stress response to surgery. 2 The trauma of surgery leads to well-understood metabolic, neuroendocrine, and immune responses, the aims of which are to promote physiological stability and wound healing. 3 The cellular response to surgical injury is to activate neutrophils and macrophages of the innate immune system by the production of proinflammatory cytokines such as tumor necrosis factor (TNF) alpha, and the interleukins (ILs), for example, IL-1 and IL-6. 4, 5 Proinflammatory cytokines alter the levels of circulating acute phase proteins, for example, C-reactive protein (CRP), albumin, ferritin, transferrin, and fibrinogen, through their action on hepatocytes. 6 Indeed, it has been reported that concentrations of circulating acute phase proteins and cytokines are associated with the magnitude of the stress response, that is, the systemic inflammatory response (SIR) to surgery. 7 Furthermore, CRP and IL-6 have been reported to have the strongest association with the magnitude of the surgical injury, although CRP is perhaps the most clinically useful of these. 7 Moreover, this knowledge forms the basis of an objective examination of the evidence for the impact of ERAS protocols and their components.
Although it is recognized that laparoscopic surgery generates a reduced postoperative SIR following colorectal surgery, the impact of individual components of ERAS protocols, in terms of SIR, has not been examined in a systematic manner. The aim of the present review was to examine the evidence in relation to ERAS protocols and their components having an effect on objective markers of the postoperative SIR.
METHODS
Recent separate guidelines on ERAS recommendations following elective colonic and elective rectal/pelvic surgery have been published. 8, 9 The present systematic review focuses on the components reported in the ERAS Group consensus review in colorectal surgery. 1 These recommendations for patients undergoing colorectal surgery are summarized in Table 1 .
A systematic literature search of the US National Library of Medicine (MEDLINE), the Excerpta Medica Database (EMBASE), PubMed, and the Cochrane Database of Systemic Reviews (CDSR) was made using the following search criteria: ''ERAS component'' AND (systemic inflammation OR SIR OR stress response OR C-reactive protein OR CRP OR IL-6) AND surgery. This was performed independently by the 2 lead authors and any conflicts that were encountered were discussed with the senior authors. Included data were from the inception of the searched databases until February 2015. From this search, abstracts of articles were analyzed for relevance and the bibliographies of relevant studies as well as the bibliography of the consensus review of perioperative care following colorectal surgery 1 were hand-searched for any additional studies. Included studies had to assess the impact of the selected ERAS component on the SIR using either CRP or interleukin-6 (IL-6). Both prospective clinical trials and observational trials were included.
The selection process is summarized in Figure 1 . Using the aforementioned search strategy, relevant abstracts were obtained for each ERAS component. Articles were excluded if they were animal studies, not in the English language, were review articles, were not related to colorectal surgery or did not use either CRP or IL-6 as the marker of the SIR. Table 2 summarizes the included studies for each ERAS component and the marker of the SIR analyzed. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Evidence relating to other outcomes of ERAS programmes such as length of stay or postoperative complications were obtained from the most recent Cochrane Reviews or meta-analyses on the specific topic. Metaanalysis of included studies was not performed because of significant heterogeneity among study methodology, populations, and outcomes measured.
Subjective assessment of study validity was carried out by two authors independently (DW and SM) using the Cochrane Collaboration tool provided by Review Manager version 5.3 (RevMan 5.3, The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). Any uncertainties were resolved by consensus following discussion with the senior authors (PH and DM). Both prospective clinical trials and observational trials were included.
Ethical approval was not required for the present study as this was a systematic review of published data.
RESULTS
Assessment of Included Study Validity
The validity of included studies is summarized in Figure 2 . The present systematic review included 15 randomized 
ERAS Protocols
Among the published literature surrounding ERAS, there is considerable variation in the number and nature of the ERAS components applied and also in the outcomes measured. [29] [30] [31] Indeed, a recent meta-analysis reported that using fewer ERAS components was associated with a greater reduction in mortality and complications compared with those with a greater number of components. 31 Some evidence suggests that only the provision of laparoscopic surgery, early enteral nutrition, and early mobilization shortens length of stay following colorectal surgery within the ERAS framework. 32 Two studies including 249 patients examined the impact of ERAS protocols when compared with standard perioperative care and laparoscopic surgery when compared with open procedures, on postoperative CRP and IL-6.
10, 11 Wang et al reported that, in 170 patients, CRP and IL-6 on postoperative days 1 and 3 were lower in those cared for using an ERAS protocol, independent of the mode of surgery. Veenhof et al, in their study of 79 patients, reported that no observed difference in postoperative CRP or IL-6 could be attributed solely to the use of an ERAS protocol. No studies examined the impact of ERAS protocols as a whole versus standard perioperative care on the postoperative SIR in colorectal surgery without the inclusion of a laparoscopic surgery versus open surgery arm, making the interpretation of the impact of ERAS protocols alone difficult.
Laparoscopic Surgery
Laparoscopic colorectal surgery has been reported to shorten length of stay and reduce postoperative pain when compared with open surgery. 33 Furthermore, it has been reported to produce equivalent oncological outcomes when compared with open surgery. 34, 35 Ten studies including a total of 1040 patients have demonstrated lower postoperative CRP following laparoscopic colorectal surgery when compared with open procedures. 10,11,12 -19 Furthermore, a recent review has also reported similar findings in both benign and malignant colorectal disease. 7 Four studies, including 206 patients, reported no difference in postoperative serum CRP when those undergoing laparoscopic colorectal surgery were compare with those undergoing open procedures. [20] [21] [22] [23] Therefore, laparoscopic surgery appears to be associated with a reduction in the postoperative SIR, as evidenced by circulating concentrations of CRP, following colorectal surgery, and is likely to reduce the surgical stress response as part of an ERAS protocol.
Postoperative Analgesia
Systemic opioids provide effective analgesia but are associated with side effects, including nausea, vomiting, gut dysfunction, respiratory depression, and drowsiness, which are likely to prolong hospital stay. 36, 37 Methods of analgesia, which minimize the amount of opioids used are therefore key components of ERAS programmes.
Epidural analgesia is an effective method of analgesia that can be used with local anaesthetic and low-dose opioids. However, they are associated with a failure rate of approximately 30%, epidural hematoma and hypotension. 38 In a recent meta-analysis comparing epidural analgesia (EA) versus opioid analgesia in patients undergoing colorectal surgery, the use of EA decreased the duration of postoperative ileus, allowed more intensive postoperative physiotherapy and mobilization and resulted in a reduction in pain scores without a significant reduction in length of stay. 37 EA has been reported to result in a decrease in CRP levels following colorectal surgery. 24 Local anesthesia techniques such as the transversus abdominis plane block (TAP) have been reported to be successful in multiple surgical specialties and operations. 39 Subsequent meta-analysis of the use of TAP blocks showed a reduction in morphine use 24 hours postoperatively and reduced postoperative nausea and vomiting. 39 A continuous infusion of local anesthetic (LA) delivered directly into the surgical wound via a 
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catheter allows longer benefit from the local anesthetic, is easy to insert, and associated with few complications and a low failure rate. 40 When compared with EA, wound catheters were reported to be of equal efficacy in terms of pain scores at 48 hours postoperatively with a lower rate of urinary retention. 41 However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery.
Nonsteroidal anti-inflammatory drugs (NSAIDs) can be used to good effect in the postoperative period. Some studies have suggested that combining NSAIDs and opioid medications results in decreased opioid consumption over a 24-hour period. 42 If an EA has been used, the combination of paracetamol and an NSAID provides good analgesia during the period around EA removal. However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. In summary, there is some evidence that epidural anesthesia but not local anesthesia or NSAIDs can reduce the surgical stress response as part of an ERAS protocol.
Preoperative Fasting and Carbohydrate Loading
Surgery performed in a fasted state is thought to worsen the catabolic state and delay patient recovery. A recent Cochrane review reported that preoperative carbohydrate loading was only associated with a small reduction in length of stay and had no effect on complication rates. 43 One study reported no effect on systemic inflammation, as evidenced by CRP and IL-6, in patients undergoing major abdominal surgery. 25 Therefore, there is no evidence that carbohydrate loading can reduce the surgical stress response as part of an ERAS protocol.
Mechanical Bowel Preparation
A recent Cochrane review has reported that there is no statistically significant evidence that the use of mechanical bowel preparation (MBP) prevents postoperative complications such as anastomotic leak in patients undergoing colorectal surgery. 44 The benefits of MBP in rectal surgery remain unclear with some studies reporting no difference in anastomotic leak rates 45 and others reporting that MBP reduced infective complication rates. 46 No studies analyzed whether MBP had an impact on the SIR. Therefore, although avoiding MBP has no adverse effect on postoperative complication rates, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that MBP can reduce the surgical stress response as part of an ERAS protocol.
Goal-Directed Fluid Therapy
Goal-directed therapy is the use of intravenous fluids and vasoactive drugs to meet defined targets for blood flow to achieve optimal oxygen delivery. 47 A recent Cochrane Review of goal-directed therapy, including 5291 patients from 31 studies across several surgical specialties, demonstrated a modest reduction in postoperative complications and hospital stay when compared with conventional fluid regimens. 48 Two studies have demonstrated a reduction in postoperative complications following the use of goal-directed therapy in colorectal surgery. 26, 27 One study demonstrated a significant reduction in postoperative serum interleukin-6 when goal directed therapy was compared to conventional fluid management in colorectal surgery. 27 however this has not been reproduced in other studies. 26 No study has specifically examined the impact of goal directed therapy on CRP following colorectal surgery. Therefore, there is no evidence that goal-directed fluid therapy can reduce the surgical stress response as part of an ERAS protocol. 
Prevention of Postoperative Ileus
Postoperative ileus is a common problem following colorectal surgery and often results in the patient feeling nauseous and bloated and can delay discharge from hospital. 49 The exact cause of an ileus is unknown, but it is thought to be multifactorial. 50 The use of thoracic epidural analgesia instead of opioids has been shown to improve gut motility and reduce the length of postoperative ileus. 37, 51, 52 Avoidance of gut edema due to fluid overloading during surgery cn improve gut function postoperatively 53 , as can the use of laparoscopic surgery. 54 Other strategies that have been reported to reduce postoperative ileus include the use of chewing gum and the use of intravenous lignocaine intraoperatively. Some studies report that the use of chewing gum in the postoperative period reduced postoperative ileus and inpatient stay, 49, 55 whereas others reported only a mild reduction in time to flatus with no difference in length of stay or complication rate. 56 In one study analyzing the effect of intravenous lignocaine given intraoperatively, they reported a reduction in postoperative analgesic requirements as well as improved time to flatus and reduced postoperative nausea and vomiting. 28 As previously stated, there is little reported evidence on the effects of different analgesic methods on the systemic inflammatory response following colorectal surgery. One study reported that those receiving intravenous lignocaine had lower postoperative levels of both CRP and IL-6 following major abdominal surgery. 28 Therefore, there is some evidence that strategies to reduce postoperative ileus such as intravenous lidocaine and epidural anesthesia but not chewing gum can reduce the surgical stress response as part of an ERAS protocol.
Early Postoperative Enteral Nutrition
A Cochrane Review of 14 trials including 1224 patients undergoing colorectal surgery 57 reported a no significant trend toward fewer complications, in particular infections, in patients allowed enteral nutrition within 24 hours of surgery. However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that early postoperative enteral nutrition can reduce the surgical stress response as part of an ERAS protocol.
Avoidance of Nasogastric Tubes
A Cochrane Review of nasogastric tube decompression, including 5240 patients from 33 studies undergoing abdominal surgery, reported earlier return of bowel function and fewer pulmonary complications in those without routine nasogastric tube. 58 There was no significant increase in other complications. A recent meta-analysis, including 1416 patients from 7 trials, in patients undergoing elective colorectal surgery reported similar results. 59 However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that avoidance of nasogastric tubes can reduce the surgical stress response as part of an ERAS protocol.
Avoidance of Peritoneal Drains
There is no evidence to support the routine use of peritoneal drains following colorectal surgery to reduce neither the incidence or severity of anastomotic leaks nor the development of intra-abdominal collections. 9, [60] [61] [62] Moreover, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that avoidance of peritoneal drains can reduce the surgical stress response as part of an ERAS protocol.
Early Removal of Urinary Catheter
A meta-analysis of patients undergoing abdominal surgery reported reduced rates of bacteriuria and discomfort when suprapubic catheters were compared with transurethral catheters. 63 A systematic review of urinary catheter management following colorectal surgery suggests removal of urinary catheters on the first postoperative day in colonic resections and from postoperative day 3 to 6 in rectal surgeries. 64 This is associated with a lower incidence of urosepsis and a nonsignificant increase in urinary retention and recatheterization; however, this is based on a single small RCT and several observational studies. [65] [66] [67] [68] However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that early removal of urinary catheter can reduce the surgical stress response as part of an ERAS protocol.
Surgical Incisions
A Cochrane Review, including 3464 patients from 19 trials comparing transverse and vertical midline abdominal incisions across several surgical specialties, reported reduced rates of incisional hernia, analgesia requirement, and improved pulmonary function when transverse incisions were employed. 69 Similar results were reported in a more recent meta-analysis of 24 trials, which also included paramedian incisions; however, neither study reported a significant reduction in pulmonary complications or recovery time. 70 Two small RCTs included in the above review articles focused on colorectal surgery, describe conflicting results with regards to the impact of transverse or midline incisions on postoperative pulmonary function and pain. 71, 72 However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that different surgical incisions can reduce the surgical stress response as part of an ERAS protocol.
Early Mobilization
Within an enhanced recovery programme following colorectal surgery, mobilization on postoperative days 1 to 3 was associated with a reduced length of hospital stay. 32, 73 There is no specific evidence for early mobilization following colorectal surgery out with the context of enhanced recovery programmes. However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that early mobilization can reduce the surgical stress response as part of an ERAS protocol.
Thromboprophylaxis
Patients with cancer have a 4-to 6-fold higher risk than the general population of developing venous thromboembolism. 74 Pharmacological methods (low-molecular-weight heparin [LMWH] or unfractionated heparin) and mechanical methods (intermittent pneumatic compression; graduated compression stockings) are used either solely 75, 76 or in combination with each other. 77 No studies have analyzed thromboprophylaxis in an ERAS setting, although conclusions regarding the benefits can be drawn from non-ERAS patient groups. Furthermore, no studies reported whether the use of thromboprophylaxis had any impact on the SIR. Therefore, although the use of LMWH is effective in reducing VTE rates, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that thromboprophylaxis can reduce the surgical stress response as part of an ERAS protocol.
Antibiotic Prophylaxis
A recent Cochrane Review 78 of antimicrobial prophylaxis in colorectal surgery, including 43,451 patients from 260 trials, has demonstrated a significant reduction in postoperative wound infections when prophylactic antibiotics are compared with placebo (relative risk 0.34, 95% confidence interval 0.28-0.41). Furthermore, additional benefit in terms of wound infection reduction was reported when combination oral and intravenous antibiotics were used and when antibiotics with anaerobic cover were used. 78 Although it is understood that an exaggerated postoperative SIR, determined by measuring serum CRP, is associated with the development of infective complications, 79, 80 there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that antibiotic prophylaxis can reduce the surgical stress response as part of an ERAS protocol.
Maintenance of Intraoperative Normothermia
The development of hypothermia in the perioperative period is multifactorial, and can be attributed to general anesthesia, surgical technique, and the theatre environment. 81 In the context of colorectal surgery, warming with forced air blankets and intravenous fluids to maintain normothermia has been shown to reduce wound infection rates, 82 blood transfusion requirements, and complication rates. 83 However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that maintenance of intraoperative normothermia can reduce the surgical stress response as part of an ERAS protocol.
Preoperative Counseling
Preoperative patient counseling has been reported to reduce a patient's anxiety 84 and allow quicker recovery and discharge 1, 85 following surgery. If patients are aware of what is likely to happen during their hospital stay and are given targets postoperatively, then their recovery and hospital discharge are perceived to be quicker. 86 However, there would appear to be no literature examining the impact of this strategy on the SIR following colorectal surgery. Therefore, there is no evidence that preoperative counseling can reduce the surgical stress response as part of an ERAS protocol.
DISCUSSION
The results of the present review shows that although there is evidence of the benefits of ERAS protocols in terms of reducing length of hospital stay and the reduction of postoperative complications following colorectal surgery, evidence of a effect on the stress response is surprisingly limited. Moreover, with the exception of laparoscopic surgery, evidence of an effect of individual components of ERAS protocols on the surgical stress response is also limited. Without such information, establishment of an optimal ERAS protocol will be based on subjective evidence rather than evidence of a beneficial effect on the surgical stress response.
In the present review, only laparoscopic surgery was shown to have substantial evidence demonstrating its beneficial effect on the reduction of markers of the postoperative SIR. It is of interest therefore that it has recently been reported that of the recommended ERAS components, only laparoscopic surgery, early oral intake, and early mobilization were identified as independent determinants of early recovery. 32 It could be considered from a clinical point of view that ERAS protocols were developed to reduce pain and hospital stay and to reduce the time to return to work. Implicit in this is the assumption that the surgical stress response would also be reduced. From our review it is clear, with respect to laparoscopic surgery, there is evidence that these aims have been achieved. However, it would appear that there is no evidence that other components of ERAS protocols fulfil the above criteria. Future studies could utilize an objective marker of the postoperative SIR, such as CRP, which has recently been reported to be reflective of the magnitude of surgical trauma 7 to assess which individual components of ERAS programmes modulated the SIR. These elements could then form future ERAS protocols, which would have the proven ability to reduce the surgical stress response. On the basis of the present review, these new protocols would likely be more streamlined and would perhaps allow easier implementation of the ERAS approach in clinical practice.
Initial studies into enhanced recovery were mainly performed in patients undergoing colorectal surgery, but ERAS is now used in many different surgical specialties and procedures. Indeed there are now consensus guidelines from the ERAS society for patients undergoing upper gastrointestinal surgery, 87 urological surgery, 88 colorectal surgery, 1, 8, 9 and hepatobiliary and pancreatic surgery. 89 This guidance has resulted in the widespread acceptance of the ERAS principles and adoption of these programmes in surgical units across the UK and Europe. However, no standard protocol exists for such programmes and as such the number of components used varies between units, making comparison of different ERAS studies problematic. 30 Furthermore, it has previously been presumed that the greater the number of elements in an ERAS programme the better the outcomes. However, often studies make no distinction between the numbers of elements intended to be included versus the number that were actually successfully implemented. 90 Indeed, it has recently been reported that increasing compliance with ERAS protocols improves outcomes in patients undergoing elective colorectal cancer resection. 91 It has also been reported that studies with fewer ERAS components were associated with greater reduction in mortality and complications. 12 This finding raises the possibility that some of the components of ERAS programmes offer little additional benefit to the overall outcomes.
The recently reported LAFA-study was designed to identify whether laparoscopic or open surgery, in combination with ERAS or standard care, was the optimal approach for colorectal surgery. 92 Interestingly, the authors reported that length of stay was shortest in the laparoscopic/ERAS group (5 days), followed by the laparoscopic/standard group (6 days) and then by both open groups (7 days). These findings would appear to imply that although ERAS and laparoscopic surgery work synergistically, perhaps the majority of the benefit seen in these programmes is due to the use of laparoscopic surgery. 90 Additional evidence for this hypothesis, in the context of the post-operative SIR, is provided by the finding that the two groups undergoing laparoscopic surgery had a lower postoperative CRP than either open surgery group regardless of perioperative care methods. 10 Despite laparoscopic surgery appearing to be the key component in ERAS protocols, the majority of patients undergoing resection for colorectal cancer are still likely to receive an open procedure. Recent data from the National Bowel Cancer Audit 2014 has reported that of the 19 4533 patients who underwent resection of colorectal cancer, less than half (45%) had laparoscopic surgery. 93 Therefore, rather than increasing efforts to deliver ERAS protocols it may be more appropriate to increase the number of laparoscopic procedures carried out.
In the present study, a potential confounding factor would be the duration of operation since this may vary with surgical approach. However, few of the included studies that examined the impact of laparoscopic versus open colorectal surgery on the postoperative SIR reported operation duration. In a recent audit of our center, there was no association between operation duration and the postoperative SIR following either laparoscopic or open surgery for colorectal cancer (McSorley et al 2015, submitted to press).
In conclusion, the present systematic review shows that, with the exception of laparoscopic surgery, objective evidence of the effect of individual components of ERAS protocols in reducing the stress response following colorectal surgery is limited. This review, examining the literature pertaining to a known indicator of surgical trauma and predictor of postoperative complication severity, may be the first step in stimulating further research in this area.
